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Fences Impede Long-distance Mongolian Gazelle (Procapra gutturosa) 
Movements in Drought-stricken Landscapes 
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Abstract 

Human-generated landscape barriers are especially problematic for species whose life histories entail 
long-distance movements. In May 2008, hundreds of Mongolian gazelles (Procapra gutturosa) became 
entangled in border fences as thousands attempted to move from Mongolia into Russia. Typically, the 
root cause of such (non-migratory) mass animal movements can only be superficially described. Here 
we draw upon satellite imagery and a fortuitously timed field study to investigate a likely hypothesis. 
At the same time that gazelles were attempting to cross from Mongolia into Russia, gazelles equipped 
with satellite-linked collars repeatedly attempted to emigrate from Mongolia into China. Satellite-derived 
estimates of vegetation productivity demonstrate that a decade-long decline in available green biomass 
in Mongolia's steppes underlies the gazelles' attempted mass emigrations. Given the potential that 
this trans-boundary movement event will occur within these drought-stricken landscapes in the future, 
modest fence modifications suitable for other similar open habitat ungulates may be sufficient to allow 
the gazelles to maintain their nomadic movements. 
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Introduction largest remaining temperate grasslands. Mongolian 
gazelles (Procapra gutturosa), which still persist 

The impact of fencing on the ability of wildlife in large numbers (~1 million individuals [Schaller, 
to access crucial habitat can have devastating 1998, Olson et ah, 2005]), are the dominant large 
affects and have the potential to severely reduce wild  herbivores   inhabiting  the   steppe.   These 
their numbers, prevent population recovery, and gazelles     consistently     exhibit     long-distance, 
cause   economic   damage   (Bies,   2007;   Cohn, nomadic movements (our data indicate as much 
2007; Harrington & Connover, 2006; Ringrose as 600 km from the farthest points in a 12-month 
et   al,   1997;   Williamson   &   Mbano,   1983). period), which rank them among the top five most 
Animal species whose life histories entail long- mobile ungulates (Berger, 2004). 
distance movements may be especially sensitive In May 2008, scientists from World Wildlife 
to habitat fragmentation and associated human- Fund-Russia,   WWF-Mongolia,   and  the   Large 
generated barriers to movement (Berger, 2004). Herbivore Foundation reported hundreds of dead 
Effective   conservation   of   such   species   will Mongolian gazelles entangled in border fences 
require integrative approaches that blend science along the Mongolian-Russian border and additional 
and  public  policy,   such  as   a  willingness  to thousands of gazelles trapped between the border 
accommodate trans-boundary animal movements fences as they attempted to move from Mongolia 
and  extensive  movements   across   a  multi-use into Russia (Large Herbivore Foundation, 2008; 
landscape (Bolger et al, 2008). World Wildlife Fund, 2008). Attempts were made 

Mongolia's eastern steppes are one of the to facilitate crossing and prevent entanglement 
45 
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deaths by laying down sections of this fence 
and herding them through the gaps. Ecological 
causation for the gazelles' mass movements was 
not identified which would be helpful in reaching 
a more permanent solution. Here we examine 
one hypothesis for such mass movements and 
suggest modest fence modifications that have 
been successfully employed for other open habitat 
ungulates that may be sufficient to allow the 
gazelles to maintain their life history strategy of 
nomadic behavior. 

Materials and Methods 

Mongolian gazelles were reported to be trapped 
between the parallel fencing delineating the 
Russian and Mongolian border east of the village 
of Choolonkhoroot, Mongolia and Solov'evsk, 
Russia in the first two weeks of May, 2008 (Figure 
1). This region consists of parts of what are 
categorized as the Daurian Steppe and Mongolian- 
Manchurian Grassland Ecoregions (Olson et al., 
2001). 

To examine whether the Mongolian gazelles' 
observed movements from Mongolia towards 
Russia were driven by a need to locate quality 
food resources, we analyzed time-series data 
for available green biomass in two regions of 
Mongolia's eastern steppes. We used satellite- 
derived estimates of vegetation productivity 
evaluated from MODIS 16-day Normalized 
Difference Vegetation Index (NDVI) composites 
between May 9-24 (the time period when 
gazelles were observed attempting to cross into 
Russia) from 2000-2008 (MODIS data became 
availabile in 2000) (for detailed methods see 
Mueller et al., 2008). These regions were 1) 
a 31,000-km2 area north of the Kherlen River 
adjacent to the Russian and Chinese borders 
and extending -100 km west of the primary 
entanglement sites, 2) a 53,000-km2 area south 
of the Kherlen River delineated as a minimum 
convex polygon around the locations of collared 
animals, minus those areas inside China (to 
which the gazelles did not have access because of 
extensive fencing), and 3) the entire steppe region 
defined east of the Trans-Mongolian railroad and 
the region within the Russian territory relevant to 
this particular event, a 300,500-km2 region. 

Simultaneously, southeast of the region 
where the mass entrapments were observed, five 
Mongolian gazelles fitted with satellite collars 

with global positioning system (GPS) storage 
features were being tracked as part of a long term 
study focusing on ungulate movement ecology 
(Mueller & Pagan, 2008; Olson et al, 2009). 

Results 

Over the past nine years, average NDVI 
estimates of available green biomass in the 
northern and southern regions have declined by 
-37% and 27%, respectively, reaching an absolute 
low in both cases in 2008 (Figure 1). For the area 
north of the Kherlen River, available biomass 
declined on average by 0.01 NDVI units yr1 

(r2=0.73). For the the southern region, available 
biomass declined on average by 0.008 NDVI units 
yr1 (r2=0.64). The NDVI values for the entire 
region east of the Ulaanbaatar - Beijing railway 
and in Russia experienced a marginally steeper 
decline than the corresponding declines calculated 
for the two smaller regions analyzed (decline 
rate- 0.006 NDVI units yr1, r2=0.59,P = 0.02, F 
= 9.971). 

Our marked animals, all captured in the same 
location in September 2007, ranged over a 53,000 
-km2 area during the 9-month period prior to this 
analysis (for comparison, the Serengeti National 
Park is 25,000 km2). During this time, in at least 
four instances (March, April, January, November), 
we recorded movements by individual gazelles 
in close proximity of the double-fenced border 
between Mongolia and China (Figure 1). Usually, 
after a few days in the immediate vicinity of the 
fence, animals moved in a different direction from 
the border. The four border approaches identified 
were measured to be within 3 and 97 meters from 
the fence. 

After mapping the variations in biomass 
productivity near the Russia-Mongolia border 
region where the fence crossing attempts were 
documented, we noted the presence of a small 
region along the edge of the Torey Lakes in 
Russia exhibited higher NDVI values indicating 
the potential presence of suitable forage (Figure 
2). We suggest this flush of green biomass may 
have been motivating the gazelles' northward 
movements and attempts to cross the border in that 
region. 

Discussion 

Because gazelle presence is tightly linked to 
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Figure 1. Available green biomass and attempted border crossings by Mongolian gazelles. The red arrow 
indicates the location of gazelles entangled in border fences while crossing into Russia. Black triangles are 
relocations of Mongolian gazelles captured in September 2007 and equipped with satellite-linked collars. The blue 
arrows indicate attempted border crossings of these collared gazelles into China. The inset shows the time series 
and linear trend of average available green biomass in the northern region (red polygon, P = 0.004, F= 18.58) and 
the region encompassing all satellite recaptures of collared animals (blue polygon, r2 = 0.64, F— 12.22). 
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Figure 2. Available green biomass (NDVI) from Modis satellite data in May 2008 in the Mongolian-Russian 
border region. The red circle delineates the primary area where gazelles moved from Mongolia into Russia. Note 
the increased NDVI values on the Russian side of the border within this region. 
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NDVI on both local and regional scales (Olson et 
al., 2009; Mueller et ah, 2008; Leimgruber et ah, 
2001), the large-scale decline in NDVI appears to 
be the likely driver behind the gazelles' attempted 
emigrations. The reason for the declining trends 
in biomass production observed during the time 
period in which we conducted our analysis was not 
examined for this analysis, but long-term chronic 
drought conditions is a likely cause. Prior to 1999 
Mongolia experienced a multi-decadal period 
of high rainfall appearing to end in 1999 when 
extreme drought conditions existed throughout 
Mongolia (Pederson et ah, 2001). Pederson 
et al. (2001) noted that drought variations at 
northern and middle latitudes are more frequent as 
temperatures become more extreme. Temperature 
increases is linked to periodic intensification of 
solar influence and human induced climate change. 
Regardless of the root cause, it seems reasonable 
to conclude that this 8-year decline is within the 
bounds of climatic variation that this system has 
experienced in the past and that events such as this 
are likely to occur in the future. 

Gazelles have been observed attempting to 
cross borders from Mongolia into Russia and 
China in the past (V. Kiriluk, A. Lushchekina, 
pers. comm.). In both countries, suitable steppe 
habitat areas for gazelles are relatively small 

as a consequence of agricultural conversion of 
grasslands. However, these remaining areas can 
be critically important in years when conditions 
in the gazelles' primary range in Mongolia are 
unfavorable. Additionally, inside Mongolia's 
border the negative barrier effect of the Trans- 
Mongolian railway and associated fencing is 
well documented (Ito et al., 2008; Ito et al., 
2005; Reading et al, 1998; Milner-Gulland & 
Lhagvasuren, 1998; Lhagvasuren & Milner- 
Gulland, 1997) (Figure 3). Without changes to 
the structure of the existing fences and policies 
to minimize new fencing Mongolian gazelles are 
likely to be entangled in fences again. 

In the otherwise continuous expanse of the 
Mongolian steppes, fences constitute formidable 
barriers for nomadic gazelles, and unhindered 
movement for gazelles between these areas 
should be one of several conservation priorities. 
In May 2008, Russian border guards temporarily 
dismantled fences in a good-will gesture that 
allowed passage for some gazelles. However, for 
a long-term solution, relatively minor changes 
to existing wire fences, such as the removal 
of the bottom strand of wire, lay down fences, 
or buck and pole fencing may be sufficient to 
allow Mongolian gazelles to cross and avoid 
entanglement or prevent access to important forage 

. ;.l 
Figure 3. Mongolian gazelles attempting to cross and one already successfully crossed a portion of the Trans 

Mongolian railway fence in Govi Sumber Aimag, Mongolia. The wire strands in this fence are widely spaced and 
is an injury risk. Mongolian gazelles are able to pass under, but this bottom wire is barbed and is an injury risk. 
Photo taken by Racheal Barrow. 
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(Harrington & Connover, 2006; Yoakum, 2004; 
Scott, 1992; Kindschey et ah, 1982); however 
this solution still does not address issues that 
other larger wild ungulates such as khulan (Equus 
hemionus) face at fence crossings. Similar fence 
modifications have been successfully used for 
pronghorn (Antilocapra americana) conservation 
in North America (see State of North Dakota, 
2008), and we suggest that fences within the range 
of the Mongolian gazelle should be assessed to 
determine where similar adjustments can be made. 
With similar adjustments, trans-national border 
fences, as well as railroad fences (Ito et ah, 2008), 
may be made more gazelle-friendly while still 
dissuading movements by livestock and humans. 
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XypaaHiyii 

Anc HYYA3JM3H aMbaapaar 3yHjiyyjTHHH 
xyBb^ xymni ymt ascHjijiaraaraap 6HH 6OJICOH 

6aHryyjraM5Kyyn HX33X3H caan xaarr 6oimor. 2008 
OHM 5-p capa X3^3H Manraap Toojiomox uaraaH 
333p (Procapra gutturosa) MOHTOJIOOC OXY- 
MH HyTar pyy HSBipsH opoxoop XHJI opHHivm 
6eerHepcHHii yjiMaac XS^SH syyn 6oflranb XHJIHHH 

TOPOH xaniaami opoouoimcoH Gauua. TOITCOH 

HyyjijiHHH 6HIH aMbapajiTau aMbT^bin HHM 

OJIHOOP HYYuartrox yssr^jiMUH ynnp majrrraaHbir 
30BXOH oHreu 6aii,ziJiaap JI TQHOPXOHJDK 6OJIHO. 

EHU XHHM3JI aaryyjibiH M3JX33JIJIHHT aimrrjiaH, 
MOH ^33px Y33ra3JiT3H uar xyrauaaHbi xysba 
Toxnomwoop Taapn xsspuiiH cynajiraar aByynaH, 
6OJIOM>KHT TaaMarnanbir ^3BHiyyji3H cyzuraB. 
Cyqajiraaraap   uaraaH   333p   OXY-MH   nyTarr 
H3BTp3X33p yjICblH XHJI OpHHMfl TyjDK Hp33fl 6aHX 
ye^ caHcpbiH AOJITHOH jraMacyynapi GvxHH 333p 
MOH XaTa^biH HyTar pyy rapaxaap yncbiH XHjia 
TyiDK  npc3H  6aHjiaa.   YpraMjibm  6VT33M>KHHH 

YH3Jir33r CaHCpblH 3ypTHHH M3a33JI3JIfl YHA3CJI3H 
TQHOpXOHJIOXOfl   MoHTOJIblH   X33pHHH   ypraMJIblH 
HorooH Mace 10 MCHJTHHH Typni spc Garaccan Hb 
uaraaH 333pHHH MOHTOJIOOC raaarui HVY^SJIJISH 

IHHJiaCHX HOXHOJI 6OJICOH Hb TorroomoB. FaH 
raHHTT 6aiiHra ropBamax 6OJICOH xsspHHH 
jiaH^niaiJiTaa uaauiH^ i aMbT^biH XHJI ^aMHacaH 
Hyyasji IHHJDKHJIT asar^ax Hb Toaopxoii Gereea 
HHMfl XHJIHHH TopoH xaMraajiajiTbH 6ara 33par 
eepijiex 3aMaap 333pHHH HyyasjuisH aMbjrpaxan 
uiaapfljiaraTaii HOXUJTHHT xanrax 6OJIOM»CTOH K»M. 
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